Compiling a dictionary is a challenging, laborious and time-consuming task, sometimes a real "drudgery". For many years collecting data and compiling dictionary entries was done with pen and paper, with lots of time spent in routine tasks.
Abel, Andrea: Dictionary writing systems and beyond. In: Granger, Sylviane / Paquot, Magali (eds.): Electronic Lexicography. Oxford: Oxford University Press. Pre-publication draft. Not for quotation or copying. 10 important aspect. The advantages of such a data input system lie in the high degree of flexibility, as the editors are completely free to add or change almost anything anywhere. Among possible disadvantages, different types of information are not always explicitly marked and thus the final product is not searchable; automatic checking of consistency and conformity can also only be done in a limited way. In addition, the reusability of data is not straightforward. For example, it is not possible to search for geographical labels if they are not explicitly tagged as such, or to quickly and easily check if these labels are used in a consistent way (e.g. always using nonabbreviated forms like "American" etc.). Some drawbacks relating to form and content control or data reuse can be diminished, for example by consistently using uniform labels for single data categories (Svensén 2009: 421) . To spare editors the task of checking the order in which the data are stored, a lexical database can be used where the data are organised in records, each containing a specific series of different types of information (data categories such as definitions, examples, etc.). This allows easy filtering of the entire database according to any input field. As a consequence, users may detect connections in the data that would not be evident in a data set that was stored linearly. From the point of view of the dictionary producer, such a database has the advantage of generating a great variety of products based on one and the same material (Svensén 2009: 421) . For example, it would be possible to easily filter out data regarding word spelling to produce a specific spelling dictionary starting from the database of a monolingual dictionary.
Another method of dictionary writing uses a mark-up language such as XML to input, organise and edit the data. As in a database, the different types of information are kept separate. However, the data is organised in a hierarchical structure, which is not the case with the database. The hierarchy sees the entire dictionary as the first level, followed by the single dictionary entries, the senses, etc.
XML allows data to be stored both as a file and as a database. This is, in fact, a fairly common procedure in dictionary production, since it ensures quicker and more direct access to the data than other storage systems (Svensén 2009: 421) .
Mark-up languages, such as the popular XML, allow electronic documents to be structured in a machine-readable way by adding information to the text in the form of tags, that is standardised labels. These tags may refer to the text and its features, or to the linguistic phenomena it contains. It is possible to define a basically unlimited number of tags for a document, and to define the relationships between the tags within the overall structure. Tagging covers document structure and content, but not appearance: its great advantage is that it is easy to change the appearance of a document without affecting its content (Svensén 2009: 49-50) .
Different types of input software can be used when working with a mark-up language such as XML. Some dictionary projects use a generic XML editing tool such as Emacs, which can be adapted and used for lexicography. Figure 1 shows an extract from a possible template for a simple entry: the text is inserted by the lexicographer between an opening and a closing tag (in the example, an "x" is used as a place holder where the text can be entered).
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12 Figure 1 : An entry template using a generic XML editing tool Although they are efficient and popular programs, these generic tools do not necessarily meet the needs of complex dictionary projects, because they were not specifically designed for lexicographic work. For example, they are quite sensitive to errors made by the editors and often do not have very user-friendly interfaces.
Another option is to develop a new system based on an XML editor and adapt it to dictionary production (this can be commercial, freeware or open software, such as Oxygen, or Xmetal). Several major publishers have followed this approach, refining their programs over the years and collecting input from lexicographers and different projects. However, as specific off-the-shelf dictionary writing system packages have been marketed in the last years, publishers now tend to switch to these (see Atkins and Rundell 2008: 113-114 ).
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Commercial dictionary writing systems are designed to manage the entire dictionary production workflow, from the first entry to the final product ready for publication in print or electronic format. They typically consist of three main components:
a text editing interface, used by lexicographers to create and edit entries;
a database, where data is stored;
a set of administrative tools for project management and publication (see Atkins and Rundell 2008: 113-114) .
From a conceptual point of view it is not always possible to separate these three components, as they are closely linked to each other in various phases of a dictionary project. Thus, it could be difficult to determine whether a certain feature is connected more to the administrative tools or the editing interface. In fact, the administrative tools can be configured so as to affect editing at the 'front-end' (for example, when entry templates are used). This affects entry operations and administration.
Nevertheless, the distinction is a useful starting point to describe some general requirements that a dictionary writing system should be able to meet; in this section the focus will be, not on the dictionary project with its different phases, but on the dictionary writing system itself. The overview provided in Sections 3.1 to 3.3 summarises the main characteristics of a dictionary writing system as described by
Atkins and Rundell (2008: 113 ff.) and Svensén (2009: 415 ff.). Relevant webpages and literature published by the best-known commercial providers of dictionary writing systems are also taken into account.
The editing tool
14 The editing tool allows lexicographers to enter their text into predefined slots or spaces. A dictionary writing system usually offers one editing interface but several different ways of viewing the data. A typical screen in an editing tool may show different panes, usually presenting administrative functions and editing possibilities.
Visualising the data may be as important as adding content (in order to proceed with corrections immediately). to be added or edited, and any change will automatically be stored centrally.
However, the tree diagram is usually the most widely-used editing interface. The WYSIWYG view gives a good idea of the look and feel of the final dictionary entry, but the tree view shows the structural elements of the entry (headword, word class marker, definitions, derived forms, etc.), while at the same time providing the slots where data can be entered.
A good dictionary writing system relieves the lexicographer of routine tasks and automates many 'administrative' procedures that had to be taken care of manually before the introduction of dictionary writing systems. The dictionary writing system allows only a limited number of values and character strings for certain fields (labels and indications of part-of-speech, word-class markers, grammar codes, register labels etc.), by using drop-down lists, for example. This helps to keep the entries consistent.
Furthermore, some non-typographical structure indicators, for example commas that separate alternative meanings of a lemma, brackets around certain information types, a symbol introducing syntagmatic blocks, etc., are generated automatically. This further helps lexicographers who no longer have to worry about formal aspects (font, font style etc.), which were previously defined in detail by the style guides. Now they can focus on entering text and content into the relevant slots while the final output is generated by style sheets.
The style guide can be integrated into the dictionary writing system to make context-sensitive help available and accessible with a simple click. This is useful, for example, when lexicographers are uncertain about the rules to be applied.
Furthermore, style guides can easily be updated according to the changes made during the implementation of a dictionary project, and re-issued to the editorial team. Style guides used to contain many rules concerning presentation and layout; nowadays they Abel, Andrea: Dictionary writing systems and beyond. In: Granger, Sylviane / Paquot, Magali (eds.): Electronic Lexicography. Oxford: Oxford University Press. Pre-publication draft. Not for quotation or copying.
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offer detailed information on how to use the dictionary writing system and explain, for example, which types of data should be keyed into which fields.
A dictionary writing system also allows lexicographers to copy and paste text and to move fields or entire groups of fields, for example, to other parts of the dictionary. In some systems, lexicographers may create 'templates' for typical entrytypes (e.g. a typical noun entry) or recurring parts of entries (e.g. collocation structures) that contain ready-made configurations of structural elements which can be used whenever needed.
While the lexicographer is entering data, the system checks that the syntax corresponds to the dictionary's document type definition, which defines the elements that are part of the dictionary and their required sequence. A dictionary writing system therefore also has a function that validates entry structure: if text elements are inserted in the wrong order, the system alerts the user. For example, if a definition is inserted before the lemma, which always needs to appear first, the dictionary writing system warns the lexicographer of the mistake. Nevertheless, exceptions must be possible, as there may be occasions where this is desirable or necessary.
Fortunately, some complex and highly error-prone procedures can be handled automatically, thus relieving dictionary editors of these tasks. For example, reordering the senses of a polysemous word or adding a new sense in the middle of an entry might call for changes in other parts of the dictionary. Nowadays, it is the dictionary writing system that takes care of re-numbering the whole entry, as well as making the appropriate changes to the sense numbers in any cross-reference. In addition, the dictionary writing system alerts the lexicographer when a lemma is already present in the dictionary. In case of homonymy it requires a homonym number.
Real-time spellcheckers reduce the presence of typos. In addition, if the dictionary requires a restricted defining vocabulary, that is a list of words to be used in the definitions (e.g. the Longman Defining Vocabulary), a dictionary writing system will usually check the words used in definitions against the list of possibilities.
The database
Text entered and edited in the 'front end' of the dictionary writing system is stored in the dictionary's database. Usually lexicographers do not work directly on the database to any great extent, but they can use it to run complex searches and filter the text with the help of the specific query language used by the dictionary writing system. It is possible, for example, to find all entries written or modified by an editor, example sentences containing specific patterns, entries including particular words, items having particular register labels, etc.
The database usually uses Unicode, an IT standard that assigns a unique and universal number to each character existing on any platform and in any program or language. In this way, all the characters of all written languages, including special characters such as those used in the International Phonetic Alphabet (IPA), can be universally recognised. This aspect is critical for the database and the editing system must support it. that editors can access online (from any location) through a corpus-query system and a dictionary writing system. Thus, distributed work is easy to manage via a dictionary writing system and other equivalent environments.
Another important issue is the import and export from and into different formats: the dictionary writing system should allow the export of entire dictionaries or parts of dictionaries in formats such as XML, RTF, PDF or HTML. This is essential when selling dictionary material or producing electronic dictionaries. At the same time, it should also be possible to import other material into a dictionary in progress. 5
Administrative tools
As well as providing an environment for dictionary writing, editing and storage, dictionary writing systems also offer 'housekeeping' tools that help to manage large projects. A 'workflow manager' may allocate a batch of entries to be compiled or edited by a particular lexicographer. At any time the system keeps a record of who is working on which entries. Any delay in the planned work schedule will be automatically brought to the attention of the project manager by the dictionary writing system. Complete and exported batches of work can be imported back into the Abel, Andrea: Dictionary writing systems and beyond. In: Granger, Sylviane / Paquot, Magali (eds.): Electronic Lexicography. Oxford: Oxford University Press. Pre-publication draft. Not for quotation or copying.
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house corpus COSMAS that allows lexicographers to analyse co-occurrences. Within the lexicographic working environment some workflows can be monitored, for example, those entries that are in progress. In order to support editorial work, a 'reference manager' was developed that allows in-and outgoing references in dictionary entries to be crosschecked. This system of coordinated products works well, even though some improvements have been suggested, such as an online preview and the use of templates for some entry parts (Müller-Spitzer and Möhrs 2008).
The DWDS is another example of a long-term lexicographic project that uses an in-house system for lexicographic work (Klein and Geyken 2010). It combines a series of tailor-made tools, such as an XML-Editor (Oxygen) for data input that has a direct interface to an administration tool for version control (currently used tool:
Subversion) so that all lexicographers -including those based in remote locationscan access the central repository and check lexicographic entries in and out while the project manager keeps track of all changes. Corpus data is accessed via another inhouse corpus-query system that is used together with other tools. A serious challenge posed by such large lexicographic projects with a substantial number of team members, some of whom work from different locations (as in the case of DWDS), is providing a tool to support good workflow management.
In some cases, an in-house system is developed due to the need to provide an environment for lexical database management as well as semantic networks and ontologies: that is the system should be used not only for the production of dictionaries The German publisher Duden (Alexa et al. 2002) felt the need to replace the editorial system "Reda" they had been using for more than 20 years, where each dictionary was compiled separately, by a new tool for the administration of language data that offers a new working environment for lexicographers. This innovation was based on a formal explicit representation of all Duden dictionary entries (integrating lexical and ontological information) and thus reduces the redundancy and increases the efficient maintenance of the dictionary data within a single data pool. It was also intended to support reusability for both print and electronic products, as well as the development of language technology applications. The current result is the "Wissensnetz deutsche Sprache" (German Language Knowledge Network) which contains dictionary data that are semantically interlinked through a complex system of multiple and different underlying ontologies. Dictionary entries within the "Wissensnetz" have a particular structure: an entry not only contains lemma-and Abel, Andrea: Dictionary writing systems and beyond. In: Granger, Sylviane / Paquot, Magali (eds.): Electronic Lexicography. Oxford: Oxford University Press. Pre-publication draft. Not for quotation or copying.
defining an XML document. Nowadays an XML schema is frequently used, an advantage being, for example, that the type of information allowed in a document can also be defined and validated. As this chapter is not targeted at computer experts, we will not go into further detail here. 4 In this example from the dictionary project "Cornelsen Schulwörterbuch ¡Apúntate!" IDM's DPS is used as the dictionary writing system. 5 A database usually uses XML and DTD, an XML schema or its own formats based on XML, and works on the basis of ORACLE, MSSQL or Postgres databases. 6 Further research on specific user needs regarding (graded) dictionary definitions is needed. The findings of the study on dictionary definitions compiled for different age groups reported by de Schryver and Prinsloo (2011: 26) indicate that the definitions in the dictionaries examined are generally too difficult for the intended age groups.
7 Further reading and background information can be found at http://www.lim.nl/monitor/textware.html, http://nlp.fi.muni.cz/projects/deb2/emasters/www/dps/03-04-03.html, http://www.emp.dk/ilexweb/index.jsp?content=100000023,1&toc=100000025,1
